Are short femoral nails superior to the sliding hip screw? A meta-analysis of 24 studies involving 3,279 fractures Abstract The purpose of this meta-analysis was to compare the fixation outcome between the sliding hip screw (SHS) and intramedullary nails (IMN) in stable and unstable extracapsular proximal femoral fractures. All randomised controlled studies comparing IMNs with a SHS were considered for inclusion. Data was independently extracted and trial methodology assessed. Twentyfour randomised trials involving 3,202 patients with 3,279 fractures were included. Pooled results gave no statistically significant difference in the cut-out rate between the IMN and SHS (41/1,556 vs 37/1,626; relative risk 1.19; 95% confidence interval 0.78-1.82). Total failure rate (1,03/1,495 and 58/1,565, relative risk 1.83; 95% confidence interval 1.35-2.50) and re-operation rate (57/1,357 and 35/1,415, relative risk 1.63; 95% confidence interval 1.11-2.40) were greater with the IMN compared with the SHS. There was no evidence for a reduced failure rate with IMN in unstable trochanteric fractures.
Introduction
Extracapsular hip fractures are increasingly common and most frequently occur in elderly patients. Operative treatment of extracapsular hip fractures was introduced in the 1950s using a variety of different implants. The foremost implant used for internal fixation is the sliding hip screw device (SHS), of which there are various equivalent models, such as the Dynamic, Richards, or Ambi hip screws. These implants can be described as an extramedullary fixation implant. Their dynamic nature allows for collapse at the fracture site, and they have superseded the older, fixed nail plates, which did not allow for collapse at the fracture site.
An alternative method of fixation of extracapsular hip fractures is an intramedullary nail (IMN). The early proximally inserted designs, such as the Kuntscher Y nail, did not allow for collapse at the fracture site. Within the last 20 years, a variety of newer, short IMN fixation devices that allow for sliding and therefore collapse at the fracture site have been introduced. The first of these to be commercially available was the gamma nail (Howmedica Ltd). Subsequently, the intramedullary hip screw (IMHS) (Richards Medical Ltd) was introduced in 1995 and the proximal femoral nail (PFN) (Synthes Ltd) in 1998.
A theoretical advantage of intramedullary fixation is that it provides a more biomechanically stable construct by reducing the distance between the hip joint and the implant. Potential disadvantages are related to greater risk of jamming of the sliding mechanism and stress risers at the site of the tip of the nail and distal locking bolts. It has been suggested, without supporting clinical data, that the IMNs are superior for unstable trochanteric fractures, reverse oblique fractures and sub-trochanteric fractures [2, 3] . Controversy, therefore, continues regarding the optimum choice of implant for these unstable fractures [14] . Several randomised controlled trials of fixation of extracapsular hip fractures comparing an IMN device with the SHS have been performed. An early summation of the results of ten of these studies demonstrated an increased risk of fixation failure and re-operation for the intramedullary devices [17] . A number of further randomised trials have since been undertaken. This has enabled a more extensive metaanalysis of prospective randomised controlled trials of nails versus SHS devices for the fixation of extracapsular hip fractures. In addition, it has now been possible to undertake a subgroup analysis for different fracture types.
Methods
We searched for relevant studies using the search strategy of the Cochrane collaboration. This included searching the Cochrane Musculoskeletal Injuries Group Trials Register, computer searching of MEDLINE, EMBASE, CINAHL and current contents, hand searching of orthopaedic journals, conference proceedings and reference lists of relevant articles. In addition, we contacted trialists, colleagues and implant manufacturers. All databases were searched from the earliest records to June 2004. All randomised and quasi-randomised controlled trials comparing fixation of all types of extracapsular hip fractures using SHS versus IMN were considered for inclusion. Articles in all languages were included and translated if required. Duplicate or multiple publications of the same study were not included. In order to meet the constraints for the reference section of this article, studies that have not been published as complete, peer-reviewed journal articles have been referenced to the Cochrane review [19] .
For each identified study, data was extracted without masking of the name of the investigators or institution. Masking was not used. Two reviewers independently extracted data from each study, and differences were resolved by discussion. In situations where studies had both been published as conference abstracts and then journal articles, the latter were used as the primary reference. Each trial was assessed for its methodology using a check list. This had been adapted for use by the Cochrane Musculoskeletal Group from one suggested and validated from previous studies [8] . All trialists were contacted for clarification, and additional information as indicated. For each randomised trial identified, average patient age, gender ratio and type of implant were recorded.
The principle outcomes for the purpose of this study were those related to fracture fixation complications during the follow-up period of each study. Fixation outcomes assessed were screw cut out, fixation failure and re-operation for mechanical failure. Cut out was defined as penetration of the lag screw of the implant into the hip joint or the surrounding tissue. Total fracture fixation complications is the sum of screw cut outs, late femoral-shaft fractures, plate pull off, non-union and any other fixation failures as detailed in each study. Re-operations for fixation failure included all re-operations for fixation failure that occurred post-operatively as well as re-operations performed for intra-operative complications, such as femoral fracture, not recognised until the post-operative period. Reoperations for infection, haematoma, and elective removal were not included in the re-operation group.
The type of fracture classification used in each study was recorded. Where possible, using the published data, this was related to the type of fixation failure and re-operation rate for fixation failure. The majority of included studies classified fractures using either Evans classification or a modification thereof, such as Jensen's modification or the AO/ASIF classification [18] . For the purposes of this metaanalysis, Jensen types 1 and 2 or AO 31A1 fractures have been classed as stable and Jensen types 3,4 and 5 or AO 31A2 and 31A3 as unstable. In studies in which both classifications were documented, Evans classification was used. Subtrochanteric fractures were included in a few studies, and wherever possible, data for the outcome of these fractures was extracted separately.
For each study, relative risks (RR) and 95% confidence intervals (CI) were calculated for dichotomous outcomes, and mean differences and 95% CIs were used for continuous outcomes. Results for comparable groups of trials and outcomes were pooled using a fixed-effect model. Effect size is an index that measures the magnitude of a treatment effect. Unlike significance tests, these indices are independent of sample size and can be used for pooled data. Heterogeneity (degree of similarity in the studies' outcomes) between comparable trials was tested using a standard chi-squared test. The purpose of this was to ensure that the use of the fixed-effect model was appropriate.
Results
Thirty-three randomised or quasi-randomised studies comparing an IMN with an SHS were identified, for which 24 trials involving 3,459 fractures were included (Fig. 1) . The included studies are summarised in Table 1 . From the included studies, 18 trials with 2,626 fractures compared the gamma nail with the SHS, five studies of 627 fractures compared the IMHS with the SHS and one trial with 206 fractures compared the PFN with an SHS. The study of Aune et al. was a single-centre report of 378 fractures from a multi-centre study of 912 cases. Because of inadequate reporting of this multi-centre study, only the information presented in the report of Aune et al. could be used [4] . The study of Fornander et al. was also a singlecentre report of a multi-centre study of 548 cases; again because of inadequate reporting of the full study, only that of the single-centre report for 209 cases could be used [9] .
Nine randomised studies were excluded. Three studies of 546 patients comparing the gamma nail with a SHS screw were excluded, as they presented data without the numbers of patients in each group (Hogh 1994, Prinz 1996, Roder 1995). The study by Pahlplatz (1993) compared the gamma nail with the SHS for 113 cases, but no data with regard to fixation outcome was given. One study of 134 cases comparing the IMHS with a SHS was excluded (Davison 1996) , as only interim data was reported. One study of the PFN was excluded, as it compared the PFN to a dynamic condylar plate and another compared the gamma nail with a 90°condylar blade plate (Pelet 2001) [21] . Two further studies were excluded: One compared the Kuntschner Y nail (Davis 1988), which is no longer in common use, with an SHS; the other compared an experimental static design of IMN, which is not commercially available, with an SHS (Dujardin 2001).
For the 24 included studies, only 11 studies presented or made data available regarding "screw cut outs" with RCT's comparing a extramedullary implant with an intramedullary implant: 33 studies n=5300 Fig. 1 Flow diagram for identification of studies respect to fracture classification, ten studies for "all failures of fixation" and eight studies for "re-operation for fixation failure".
Screw cut out
The incidence of screw cut out was reported in 23 of the included studies. There were 11 studies in which the incidence of screw cut out could be correlated to fracture stability. This subgroup included 1,736 fractures. The results are detailed in Fig. 2 . There were no statistically significant differences between the two groups, either when all fractures were considered or in the stable and unstable subgroups. The overall cut-out rate was 41/1,556 (2.6%) for the IMN versus 37/1,626 (2.3%) for the SHS (RR 1.19, 95% CI 0.78-1.82, test for heterogeneity chisquared=10.03, degrees freedom=22, p=0.99). In the unstable fracture subgroup, the cut-out rate was 15/462 (3.2%) for the IMN vs 15/511 (2.9%) for the SHS.
Total fracture fixation failures
The reporting of all causes of fixation failure was reported in 23 studies, as shown in Fig. 3 . There were ten studies in which these failures could be correlated to fracture stability. No statistically significant difference could be demonstrated for the stable or unstable fracture subgroups. When all studies were considered, an increased failure rate was noted for the nails. The total fixation failure rate when considering all fractures was 103/1,495 (6.9%) in the IMN group and 58/1,565 (3.7%) in the SHS group (RR 1.83, CI 1.35-2.50, test for heterogeneity chisquared=20.81, degrees freedom=24, p=0.65). In the unstable fracture subgroup, the fixation failure rate was 23/425 (5.4%) for the IMN vs 23/477 (4.8%) for the SHS.
The main reason for the additional fracture-healing complications detailed in Fig. 3 were femoral fractures at the tip of the implant. This occurred in 38/1,495 (2.5%) of nailed cases and 2/1,565 (0.12%) of SHS fixation cases. Other less-frequently encountered complications were detachment of the plate from the femur, non-union of the fracture, secondary displacement of the fracture and failure of the implant.
Re-Operation for fracture fixation failure
The number of re-operations performed for failure of fixation was reported in 19 studies and summarised in . There were eight studies in which these reoperations could be correlated to fracture stability. Again, no statistically significant difference was seen between the fracture subgroups, but with inclusion of all studies, a lower re-operation rate was seen for the SHS. The reoperation rate was 57/1,357 (4.2%) the IMN group and 35/1,415 (2.5%) for the SHS (RR 1.63, CI 1.11-2.40, test for heterogeneity chi-squared =21.52, degrees freedom=20, p=0.37). In the unstable fracture subgroup, the re-operation rate was 20/362 (5.5%) for the IMN and 17/404 (4.2%) for the SHS.
Discussion
We were only able to provide details of outcome related to fracture stability for 11 of the 24 included randomised studies from which data could be extracted. There were five additional randomised studies involving 793 patients from which no data could be extracted due to unavailability of adequate data. Furthermore, there were two multi-centre studies of 1,460 cases that reported adequate data from only a single centre, leaving only 587 cases that could be included in this meta-analysis. The trialists for all these studies were contacted for additional information. This was either unavailable or we received no response. It is hoped that in future, with improved trial reporting, this will not occur. If all the trial data from all studies were fully reported, then data for an additional 1,666 randomised patients would be available, enabling more definite conclusions to be made for each type of implant.
Two reviews have recently been published on the optimum choice of implant for fixing unstable trochanteric fractures. A limited meta-analysis of randomised trials of nails versus the SHS for unstable intertrochanteric fractures summarised the results of three trials of 251 patients with unstable fractures [2, 3] . They concluded on the basis of this limited analysis that there was a tendency to lessfrequent cut out with the intramedullary devices. A subsequent non-systematic review of the literature concluded that whilst IMNs may have biomechanical advantages, there were insufficient clinical studies to determine whether nails were superior to extramedullary fixation [23] .
In this meta-analysis, we have analysed fracture-healing outcomes with relation to fracture stability. Other outcomes have already been adequately assessed in a Cochrane review, but this review neglected to undertake a specific analysis in relation to fracture type. The Cochrane review of randomised comparisons between IMNs and extramedullary implants involves an extensive search of the literature and a thorough systematic review [19] . In addition, this review has recently been updated with the latest studies. The principle outcomes for this review are summarised in Table 2 . Binary outcomes were analysed by relative risk and continuous outcomes by weighted mean difference. These figures in Table 2 incorporate the data from the study of Mott 1993, which has been made available since the last update of the Cochrane review [19] . The results showed no notable difference between IMNs and the SHS other than for those outcomes related to fracture-healing complications. In performing the subgroup analysis, we initially intended to classify fractures using the AO/ASIF classification. Fractures with a transverse and reverse oblique fracture pattern (type A3) are the most unstable configuration of intertrochanteric fracture. The theoretical advantages of the IMNs may be greatest for this fracture type, as they resist medialisation of the femur. Unfortunately, it was not possible to isolate this group in a satisfactory number of studies. Consequently, we were only able to classify fractures as either stable or unstable as opposed to stable trochanteric (A1), unstable trochanteric (A2) and transtrochanteric (A3). We also attempted to separate the results for subtrochanteric fractures. This was possible for the studies of Fornander (2002) and Aune (1994) [4, 9] . Haynes (1996) reported two subtrochanteric fractures within the IMN group and none in the SHS group. These two patients were excluded from the analysis. The other studies that included subtrochanteric fractures failed to provide separate data for subtrochanteric fractures. Although our results show no significant differences between the SHS and an IMN in unstable fractures, there may be an advantage in the particularly unstable transverse and reverse oblique fractures. A randomised controlled trial has been reported that confirmed that the PFN was superior to the 90°d ynamic condylar screw for the fixation of reverse oblique and transverse fractures [21] , but further studies are required to compare the SHS with a IMN in this fracture type.
Intra-operative fracture of the femur was not included within the category of fixation failure. This was because this complication varied from minor comminution of the fracture site to major fractures of the femur, and it was not possible to determine which fractures should be considered clinically significant. Operative fracture of the femur occurred in 35 cases of IMN and four cases of SHS. The more minor fractures required no specific treatment whilst the more extensive fractures necessitated the use of a longer nail or plate. Seven cases led to a secondary operation, and these are included within the data presented for re-operation in Fig. 4 .
Our review included three types of IMN: gamma nail, IMHS and PFN. Whilst it is possible that there are differences in the complication rates between these different types of implant, the Cochrane review on IMNs demonstrated no difference between these three different types of implant [19] . A randomised trial comparing the gamma nail and the PFN reported no statistically significant difference in cut outs, fixation failures or reoperations for the two implants [24] .
The intramedullary implants, being more recently developed, may have an increased risk of complications, either because the design of the implant and/or instruments is still being developed or because surgeons are still learning to use them. There is, however, no evidence to support this from our study. The studies in Figs. 2, 3 , and 4 are presented in chronological order for the different fracture types. There is no suggestion of an improvement for the results of the intramedullary devices with time. The data in Figs. 2, 3 , and 4 demonstrate that cut out, fixation failure and re-operations are all uncommon for stable fractures. In total, there were only ten failures out of 668 stable fractures (1.5%), and six of these were within one study, which may have used a more liberal definition of a stable fracture [9] . By comparison, there were a total of 46 failures out of 902 unstable fractures (5.1%). Therefore, we believe that in the studies that did not present results with relation to fracture stability, it is likely that the majority of cases of fixation failure encountered would have occurred in unstable fractures. Therefore, when considering the pooled results for all studies, which demonstrated significantly more failures and re-operations in patients treated with an IMN, it is likely that the majority of these failures occurred in unstable fractures.
In summary, reported studies to date demonstrate that the only notable differences in outcome between intramedullary and extramedullary fixation devices are those related to the fracture fixation failure rate and re-operation rate. The rate of fracture fixation failure and re-operation is increased for the intramedullary implants when considering all fracture types. The results of this study show that intramedullary implants cannot be recommended for stable trochanteric fractures and that they do not offer any advantage for unstable trochanteric fractures. Intramedullary fixation may be advantageous in transverse and reverse oblique fractures. However, there is currently no evidence from randomised controlled trials to support this. With future modifications to the design of short femoral nails, further studies will be required to see if these changes result in outcomes for IMNs becoming equivalent or even superior to that off the SHS.
